A kind of ZMP measure system has been described in this paper, tests have been done on person with the system. The obtained experimental ZMP trajectory has been analyzed and real-time performance of this system has also been verified. So, the result has shown that the system can be implemented on our 6 DOF biped robot. The ultimate purpose of this system is to measure ZMP trajectory for further analysis of on-line gait planning of the biped robot.
Introduction
Due to flexibility of bipedal structure, biped robots can go up and down stairs, stride over obstacle and have good performance on complicated task. Biped robots are most suitable robot to be human substitute in the daily environment. However, realization of dynamic stable walking of biped robot is always a challenging task because other than wheeled robot and multi-legged robot, realization of stable walking of biped robot not only requires supreme exquisite mechanical structure, but also appropriate robust control system.
Lots of researchers concentrate on dynamic stable walking of biped robots, so far, there are two methods to make reliable walking. First method is based on algorithm such as neural network and fuzzy control to predetermine ZMP reference, in this way, stable walking can be obtained in given environment. However in the first method, ZMP feedback data is not used and stable walking can be assured only on flat ground, it is also known as off-line gait planning. In second method, the feedback data obtained from attitude sensor, gyroscope, accelerometer, force sensor is used to adjust robot in real-time, so more stable walking can be realized.
Force sensors applied on the sole are necessary, because force distribution and terrain condition which is the important data of biped walking can be obtained through force sensor. Therefore ZMP trajectory can be calculated while robot is walking by feedback data. The purpose of this paper is to obtain the ZMP trajectory which can be used in the further study of stable walking control of biped robot.
Analysis of ZMP
Biped walk is a periodic process, each leg cross to lift and one foot has to be contact with the ground. For bipedal walking robot, walk can be defined as the bodily movement generated by periodic motion of mechanic joint with the ground reaction forces. There exist two kinds of walking, namely, static walking and dynamic walking. In "static walking", the projection of the center of mass never leaves the support polygon during the walking. In "dynamic walking", there exist periods when the projection of the center of mass leaves the support polygon. So static walking has to be slow to keep the COM projection under polygon and big foot generally used to ensure that. The ZMP theory makes dynamic walking possible, it's faster and more efficient than static walking. We can use flexible control to constrain the attitudes, speed, accelerated speed ensure the balance.
The ZMP is defined as the point where the horizontal component of the moment of the ground reaction forces becomes zero. If ZMP always in the support polygon and close to COP, the walking will be balance, in other term, the walking is dynamic stable. ZMP theory is generally used as criteria for dynamic stable walking of biped robot. So, if ZMP trajectory can be obtained real-time, better dynamic stable walking can be realized. The distribution of ground force reaction is also complicated, ground reaction forces distributed over the sole can be replaced by a equivalent force and moment at a certain point in the sole. As shown in Fig 6 and The torque ( in the sole can be expressed by:
Considering τ( ) = 0 for Eq. 1, can be obtained as follows: (2) So, we can obtain:
can be expressed as follows:
Where is the pressure force on the sole obtained from the data acquisition system. As for the force of friction, it can be attributed to resultant force both in single support period and double support period. Here we take no consideration of force of friction. So, we can calculate ZMP using formula as follows:
Where P is the x coordinate of sensor on the sole，F is the ground reaction force on the point.
As we know, the process of a periodic walking including two parts, one is single support period, the other is double support period which is short but can't be ignored. So, both SSP and DSP have to be taken into consideration. The ZMP of double support period as follows: Due to the impact force produced by contact between foot and ground, stretchy and damped nonskid rubber has been applied on the contact area on the sole. We can see from Fig.7 that most noisy has been filtered by filtering method used above. 
Experiments and Result
When a person is starting walking on the platform, the output of load cells will be amplified and converted into digital signals by the acquisition cards. The data will arrive to PC104 board through PCI bus. Finally we filter the signal and calculate the ZMP in the program operated on PC 104 board.
The person walks straight on the floor with 20cm step size, The ZMP trajectory of the person is shown in Fig.8 .It shows the continuous trajectory of the ZMP for three steps: two steps by the left leg and one step by the right leg. The curve line shows the locus of the ZMP during the period of one-leg support, and the straight line shows that from one one-leg-support period to the subsequent one-leg support period. We can see that the ZMP never leaves support area.
Conclusio
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